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Abstract - The present paper a Sn02 (Pure) and Ag doped
thin films at different concentration (3, 5 and 7 vol.%) of Ag,
were prepared by chemical spray pyrolysis. The films deposited
onto glass slides were first cleaned with detergent water and
then dipped in acetone and discusses the structural, optical
and sensitive properties of Ag-doped tin oxide thin film
prepared on glass substrate by the spray pyrolysis technique at
a temperature of400°C. X-ray diffraction study shows that the
film was tetragonal rutile structure of Sn0O2. Morphology
analysis studied by atomic force microscopy (AFM) and reveals
that the grain size of the prepared thin film is approximately
(73.41-111.62) nm, with a surface roughness of (2.18 - 2.79)
nm as well as root mean square of (2.69 -3.39) nm for
Sn02(pure)and Ag-doping, Optical characteristics were
studied by UV/VIS Spectrophotometer at (300- 1100 nm) and
observed that the transmission value was more than 75 % at
the visible wavelength range. The direct energy gap (Eg)
ranged between (2.73-3.22) eV, is measured by UV/VIS., and
studied the sensor properties t0 NO2 gas with 3% ratio at a
constant voltage of 6V, to found the optimum operation
temperature at 150°C for all films, also the sensor work in
room temperature. The sensitivity increases with temperature
to arrive (81.6%) for Sn02: Ag films at 250°C. The response
time was (5.4sec) and the recovery time was (27sec) for Sn02:
Ag gas sensor. The results obtained that SnOZ2 film prepared by
chemical spray pyrolysis pure and doped by Ag were a good
sensitive for NO2 gas.
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1.INTRODUCTION

The study and application of thin film technology is entirely
entered in to almost all the branches of science and

technology. Present study which describes the synthesis and
study of structural, optical and sensitive characteristics of Ag
doped tin oxide (SnO2) is really more interesting for
researchers due to its vastapplications. Due to the properties
like reflectivity, transparency, low electrical sheet resistance
etc., tin oxide thin films has immense applications such as gas
sensing material for photovoltaic cell in transistors,
transparent conductive electrode for solar cells
photochemical and photoconductive devices in liquid crystal
display [1] gas sensor devices [2,3]. Till to day so many

methods were adopted to synthesize doped or un-doped tin
oxide films such as R.F. Magnetron Co- sputtering, Thermal
Evaporation, and Chemical Vapor Deposition, Laser Pulse
Evaporation, Sol-Gel, Spray Pyrolysis and ultrasonic spray
pyrolysis [4, 5, and 6]. Tin oxide crystallizes tetragonal rutile
structure [7, 8] with unit cell parameters a=b=4.737A and c=
3.186 A. It is an n-type semiconductor having high band gap
energy (= 3.6 eV) [9, 10] with high chemical and mechanical
stabilities [11] and is more transparent in the region of
visible spectrum due to high band gap, having high electrical
conductivity due to free electrons in oxygen vacancy holes [
12,13].

2. EXPERIMENTAL

A SnO2 (Pure) and Ag doped thin films at different
concentration (3, 5 and 7 vol.%) of Ag, were prepared by
chemical spray pyrolysis. The films deposited onto glass
slides were first cleaned with detergent water and then
dipped in acetone. Spray solution was prepared by mixing
0.1 M aqueous solutions of Sn02, and AgNO3 at ratio (3,5
and 7 vol.%) using a magnetic stirrer. The automated spray
solution was then transferred to the hot substrate kept at the
normalized deposition temperature of (400°C) using filtered
air as carrier gas at a flow rate normalized to approximately
(3) ml/min. To prevent the substrate from excessively
cooling, the prepared solution was sprayed on the substrate
for 10 s with 15 s intervals. The films had a uniform
thickness of range (400) nm. The structural properties were
determined by X-ray diffraction (XRD; Shimadzu) with CuKa
radiation (A= 0.15406 nm). Film morphology was analyzed
by atomic force microscope (AFM)-type (CSPM). The optical
absorption and transmission spectra were obtained using a
UV-VIS spectrophotometer 6800JENWAY, Germany) within
the wavelength range of (300-1100) nm. For measuring this
parameter (sensitivity, response time, .... etc.) We depend
upon the difference of resistance or the current through films
when the surface of thin films dispose to (NO2) at certain
temperature for measuring the sensitivity of films and
knowing the temperature through or by thermocouple of
heater. we used the system to know the sensitivity for
different gases and they are from the following parts .1-
Vacuum pumping (Rotary). 2-Connecting pipes. 3-
Measurement for vacuum. 4- Chamber cylindrical stainless
steel, diameter 30cm and 35cm high, and the chamber
contain the following, A- Let for testing gas. B- valve for
entering the air after vacuum. C- Glass window. At the
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bottom or base of the chamber there is an electric heater as
well as Thermocouple K-type it is used for controlling the
operating temperature and for sensor electrodes. 5-DC-
Power supply. 6- Resistance measurement. 7- Laptop for
recording the difference of sensor current, when there is
percent from gas which enrich the sensor by pipe to the
inside of chamber to give the real sensitivity.

We can describe the operation of testing the sensor that, we
open the testing chamber and put the sensor over the heater
and connecting the Al- Electrodes deposed on films with
special connecting current and after that closed the chamber
firmly and applied (6V) voltage between the sensor electrode
, reading the changing in film resistance with time and
measuring the current and voltage in the case of there is no
gas, then pumping the testing gas and reading the changing
in resistance film with times to know the effect of the gas
upon the film and from that we can calculate the sensitivity
and for the relation;

Rg T Ra
Ra

As well as to know the response time and recovery time and
the effect of temperature, doping percent and grain size for
thin.

S = =< 100 (1)

3. RESULTS AND DISCUSSIONS

3.1 Structural and Optical Properties

The structure of the prepared tin oxide thin films was
investigated by XRD. Figure (1) shows the graph between
(20) versus diffracted ray intensity. the major diffraction
peaks at 20 = (34.4), (26.10), (38.2), and (51.3) for Sn02
(pure) and Sn02: Ag 3,5 and 7 VOL. %, respectively. Thus, the
experimental results proved that the polycrystalline nature
of the prepared samples as depicted in Figure (1). The result
corresponds with that described by Khadair et al [14].
Moreover, an increase in the main peak intensity is observed
in the presence of Ag. A comparison with ASTM card 41-
1445, reveals that the tin oxide thin film exhibits a crystal
structure tetragonal type with a preferred orientation (101)
and other planes, i.e, (110), (200), and (211) for 20 =
(26.10), (38.20), and (51.30). This result agrees with that
reported by Sabria et al [15]. The crystalline size (D) is
determined from main pack at 26= (34.40) and found to be
equal to (34-52) nm. Table (1) passed on Scherer formula
[13].

Fig-1: X-ray diffraction patterns of Sn02, Sn02: Ag thin films

Table -1: Average Crystallite size, d (101) and FWHM for Ag
doped tin dioxide in comparison with undoped tin dioxide.

Doping ratio Average Crystallite sizes from
XRD (nm) daon (&) | FWHM
Pure 52 2.66 0.172
(3vol.%) 50 2.61 0.177
(5vol.%) 43 2.61 0.154
(7vol.%) 34 2.65 0.180

Figure (2) displays AFM image of the films at (pure, 3,5,and 7
VOL. %) on glass. It shows the presence of homogenous
grains throughout the film. The grain size of thin film is
(73.41-111.62) nm for the described different concentration.
The grain size, Root mean square (RMS) and roughness of
these films are shown in table 2. The root main square and
roughness (R) are equal to (3.39, 2.82, 2.69 and 2.72) nm,
(2.79, 2.3, 2.18 and 2.23) nm respectively. Therefore, the film
roughness decreases with decreases of grain size.

Fig -2: The atomic force microscope (a) 2-D and (b) 3-D
Image of prepared films

Table -2: The Average grain sizes and roughness average for
undoped and doped SnO2 films.

Doping ratio Average grain Root mean Roughness
sizes from AFM square(nm) Average (nm)
(nm)
(Pure) 111.62 3.39 2.79
(3 vol.%) 100.63 2.82 2.3
(5 vol.%) 95.62 2.69 2.18
(7 vol.%) 73.41 2.72 2.23

observes the absorption (A), which have been obtained by
UV/Vis from (300-1100) nm. Fig. 3 shows the absorption
edge starts with (390) nm reveals that the nanocrystal line
effect of the films. Also absorption edge of Ag doping tin oxide
films shifts toward the low energy (red shift). The
experimental result agrees with that reported by Khadair and
Sabria et al [14, 15]. The optical transmittance of Ag-doped
Sn02 thin films in the visible region is depicted in Fig. 4. the
transmittance is about 77% whereas transmittance decreases
to 55% at Ag-doped 3%. Nevertheless, increasing the
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concentration of doping of Ag-doped (5 and 7%) increasing
the transmittance. Decreasing of the transmittance after
doping is owing to increment absorption coefficient of films.

Fig -3: The absorption of prepared films

Fig -4: The transmittance of prepared films

The optical band gap of Sn02 and Sn02: Ag films is shown in
Fig. 5 and were compared with the band gap value for
undoped tin dioxide, calculated through the same method
(Table 3), from the plot of (ahv)? as a function of photon
energy (hv) according ot the Tauc,s formula for direct band
gap semiconductors [16,17].

(ahv)?= B(hv -E) (2)

Where a is the absorption coefficient, § is a constant, Egis the
optical energy gap, v is the incident photon frequency.

Fig -5: Band gap (Eg) of prepared films.

Table -3: Band gap energies calculated with Tauc method

Doping ratio Eg (ev)
(pure) 3.22
3vol.% 3.06
5vol.% 2.85
7vol.% 2.73

Itis evident from the mentioned figure that the energy gap of
Sn02 (pure) is equal to (3.22) eV while the doping has been
used, the energy gap decreases with increasing of Ag
concentration. As a matter of fact, the energy gap is found to
be 3.06eV at 3% Ag concentration. That is more clear that
when Ag-doped is increased to 5 and 7vol. %, the energy gap
is decreased to (2.85 and 2.73) eV, respectively. This can be
attributed to the fact that the energy gap of Agisless than the
energy gap of tin oxide. Finally, the results correspond with of
Sabria [15].

3.2 Sensitive Properties

1- Determination of temperature

The temperature is one of the effect factor in the working of
gas sensor, therefor it is necessary to study the effect upon
the sensitivity of thin films and find the optimum temperature
for operating. The operating temperature for gas sensor films
Sn02 and doped with Ag. In this study the changing from 25°C
to 300C° and calculate the sensitivity value (S) from the
relation (1) using gas (NO2) with 3%, the applied voltage
upon the electrodes equal (6V). The figure (6) show that the
changing in sensitivity with the changing in temperature for
prepared films and the figure show the changing in sensitivity
for Sn02 films pure and doped with Ag with (3, 5, 7 vol.%).
Showed that the sensitivity value for doping films is slightly
larger from pure films at 25°C temperature, the reason for
that the decreasing in grain size resulting from doping and
the increasing in the surface area for films and not for the
result of interaction between gases and the doped material
because the adsorption in this degree is physisorption but
when the increasing of temperature to 50°C the sensitivity
value decrease when it was at 25°C and the decreasing is
larger for pure films and this mean increasing in electric
resistance for metal oxide surface because of the interaction
between the oxygen and the surface [18]. The adsorption is
changing from physical to chemical adsorption forming
adsorbed layer upon the oxide surface and it causes the
transmission of the charge from the metal oxide surface to the
adsorbed layer and hence increasing in sensor resistance and
for that decreasing the sensitivity. The mechanism of oxygen
interaction with the surface of the sensor are occurring in
many ways [18,19].

02(gas) —
0% (chem)

While the interaction of NO2 with the oxide surface at low
temperature leads to oxide NO2 and hence the increasing of
films resistance and this interaction with the following figure
[20].

02(phys) - 02(chem) — 2 O(chem) — 2
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adsorption desorption
>
NO2+Sn2* 7 2Sn3* - NO,
desorption
(Sn3+-07) + NO2(Sn3* - 0) 2Sn3* + 0,

NO2 gas interact with the surface SnO2 on situation Sn and
hence the electronics catch leading decreasing in electric
connecting the film, this lead to decrease the sensitivity. We
can describe this interaction NO2 gas with Sn02 to catch
electronics from oxygen adsorbed physically to gain
desorption at NO2 gas particles atlow temperature according
to following equation [21].

NO2(gas) + e = NO;™ (ads)
NO2(ads) + O (ads) = NO (gas) + 202 (ads)

It was showed at this Fig. 6. When the temperature at 50°C it
gains balance between SnO2 oxygen and the atmosphere
oxygen to settle the conducting value and the chemical
interaction begin chemisorption to NO2 gas with the oxide
surface and this lead to translate of electronics to the surface
and cause increasing in conducting, then increasing in
sensitivity. From the observed the Fig. 6 it showed the
sensitivity value for doped films is larger than the pure films
it between double to three. The forms of sensitivity showed
that the pure and doping films have peak lies between 125-
150°C, itis because the mechanism of the interaction gas with
the sensor surface. the response of sensor depend upon two
factors [22], the first the fast chemical interaction upon the
grains surface and the other diffusion velocity the particle of
the gas inside the oxide surface , at low temperature the
sensor response determine with the fast of chemical
interaction , while at high temperature the sensor response
determine with the diffusion velocity of gas in sensor surface,
while at intermediate temperature the velocity of the two
process and these will give the peak at the carved[23].

Fig -6: the changing in sensitivity with the changing in
temperature for prepared films.

2- Doping Ratio Effect On Sensitivity

Fig. 7 shows the changing in sensitivity as for doping ratio the
pure and the doped with Ag for films, at operation
temperature 150C with gas NO2 3% percent and noticed from
the figure that the sensitivity for pure films 22.3% and this
value begin to increase with the increasing of concentration
percent. The sensitivity value reach at concentration 3% for

doped films with Ag to 47.1%, at the increasing of
concentration to 5% or 7% and it takes the constant former
the little increasing from that , we find that the doped films
give the sensitivity value about double from that the undoped
films, the reason for the sensitivity in doping we can express
that in general the doping give a surface area larger for the
doped films and more pours , moreover the difference in
interaction between gases and doping atoms , therefore all
there operations increase the interaction of gas with oxide
and this increase the sensitivity value and this corresponding
for what find Sarbani et al. [23], Koroteenkor et al. [19].

Fig -7: The changing in sensitivity with doped ratio.

3- Grain Size Effect on Sensitivity

The reason for taking the grain size and its effect on
sensitivity because the detector mechanism principle or gas
sensor depend upon gas adsorption operation on
semiconductor oxide surface that depend on the sized defect
and crystalline structure for films, the oxygen atoms appear
as ions O over the surface film to make depletion layer and
grow potential barrier at grain boundaries and representalso
a source for catching the adsorbed particles on sensor surface
[24]. Fig. 8 shows the changing in sensitivity with the grain
size for Sn02 film the pure and the doped with Ag. The form
in doping state with Ag the sensitivity increase with the
decreasing of the grain size. The large value is about 56.3% at
150°C optimum temperature. One of the possible reason for
the decreasing of temperature, is that the decreasing in grain
size which concern with semiconductor n-type the O-;ions on
the surface at the grain boundaries absorbed from NO2 gas
that means charge carriers concentrations decrease and grow
potential barrier and disturb the entrance of charge carriers
s and the concentrations decrease that means the resistance
for film increase and the area of adsorption increase the
oxygen ions, and this correspond what Afrah et al. [24].

Fig -8: the changing in sensitivity with grain size
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4- Doping Effect on Response, Recovery Time

The figure (9) show the changing on response time with the
changing in doping percent with Ag. We observed the
decreasing in response time with the increasing in doping
percent, we can see the fast response time 5.4sec at doping
percent 7% with Ag ,and the recovery time 25.2sec, and this
fast response for sensor gas to NO2, the reason for the fast
oxide of gas [25], The figure (10) show that the recovery
time decrease liner with the doping percent, we observed the
doped increase after 5% percent don't effect on recovery
time, the is mean the interaction mechanism between the gas
and films after this percent don't change ,and the recovery
time was little and with this recovery time increase in the
transmission case from 3% to 5% , and this mean the
interaction was strong and this conduct show what Il jin Kim
et al. [26], Arijit Chowdhuri et al. [27] ,from Fig. 9 and 10, it
can be shown that the response time and recovery time for
doped films with Ag is a little bit short compared with the
response and recovery time for pure films and equal 78sec
,110secrespectively, and this show the importance of doping
for good properties to tin dioxide for NOZ2.

Fig -9: Changing in response time with doped ratio

Fig -10: the changing in recovery time with doped ratio

5- Grain size effect on Response and Recovery Time

Fig. 11 and 12, show the changing in response, recovery time
with the grain size for doped films with Ag at the chamber
temperature with (3%) percent from NO2 gas, we observed
the response time and the recovery time decrease with the
grain size. we can have observed in the doping case with Ag,
the fast response equal 5.4sec and the recovery time 25.2sec
at grain size equal 73.41nm. This fast response for sensor to
NO2 gas is that may be because of small grain size and lead to
enlarge grain boundaries and their interaction happen
between the gas and the absorbed oxygen, after that the fast
oxidation of gas [28].

Fig -11: Changing in response time with the grain size

Fig -12: Changing in recovery time with the grain size
3. CONCLUSIONS

Silver doped tin oxide thin films were prepared by spray
pyrolysis method. The X-ray diffraction shows the
polycrystalline nature of as deposited films with tetragonal
structure. The crystalline size of the film was calculated using
Debye-Scherer formula is varying from 34-52 nm
corresponds to four strong peaks. The AFM images show
homogenous grain films with grain sizes ranging from
(73.41) nm to (111.62) nm. UV-VIS spectra obtained for all
four samples are characteristic to tin dioxide. The calculated
band gap energies decrease with the increase of dopant
concentration, as a result of the occurrence of additional
energetic levels in the forbidden band. The results obtained
that SnO2 film prepared by chemical spray pyrolysis pure
and doped by Ag were a good sensitive for NO2 gas.
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